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Field of invention 

The invention relates to tumor vaccines of a new type, based on the molecular 
5 structure of human epithelial mucin (MUC1). The invention can be used for the 

immunotherapy of carcinomas. 



Background 

Epithelial mucins are glycoproteins with repetitive amino acid sequences and a 
10 high proportion of carbohydrates which are partially bound to membranes, partially secreted 

is ~ and are to be found on many glandular epithelia. The epithelial mucin known best is the 
|;[] membrane-bound MUC1, described also as PEM, PUM, EMA, MAM-6, PAS-0 or episialine 
W (Finn, O. et al., Immunol. Reviews 145:61, 1995) the extracellular part of which consists of a 
M variable number of repeating units of 20 amino acids, the so-called tandem repeats. The 
15;= MUC1 is not a tumor specific molecule per se\ its suitability as tumor antigen is based on the 

m fact that its carbohydrate portion is qualitatively and quantitatively changed in tumors 
v3 (Burchell, J. and Taylor-Papadimitriou, J., Epith. Cell Biol. 2:155, 1993). Here, new epitopes 
□ appear which are detected by the immune system (humoral and cellular defense). 

20 After operatively removing the primary tumor (or after a radiation or 

chemotherapy) one, as a rule, has to proceed on the assumption that tumor cells still remain in 
the body (minimal residual disease). These tumor cells which represent a potential danger, are 
combated by various endogenic mechanisms the efficiency of which may be intensified by an 
adjuvant immunotherapy. The most effective adjuvant immunotherapy is vaccination. Here, 

25 two prerequisites are present: first, a suitable target antigen (epitope) has to be present on the 

tumor cells, and second that it should be possible to prepare a form of vaccine that is 
immunogenically as strong as possible, most suitably in a synthetic form. 



Non-glycosylated oligo-repeat peptides of MUC1 represent a suitable target 
antigen in a number of frequently occurring carcinomas (Apostolopoulos, V. and McKenzie, 
I.F.C., Crit. Rev. Immunol. 14:293, 1994). The immunodominant region of MUC1 is the 
PDTRPAP motif which occurs on each tandem repeat. However, experiments carried out so 
far to develop a vaccine on the basis of an individual tandem repeat have not been successful. 
According to the present state of knowledge a minimum length of the peptide which will be 
reached only in 3-5 tandem repeats is required for achieving the immunogenic conformation of 
the peptide (Fontenot, ID. et al., J. Biomol. Struct. Dyn. 13:245, 1995). 

Brief description of the drawing 

The invention is described with reference to the drawing wherein 
Fig. 1 shows bending of the anti-MUCl -antibody A76-A/C7 on the glycopeptides A1-A9 and 
A11-A12; and 

Fig. 2 shows bending of the anti-MUCl -antibody MF06 on the glycopeptides A9 and Al 1- 
A12. 

Description of the invention 

It is an object of the present invention to develop tumor vaccines on the basis of 
the molecular structure of human epithelial mucin MUC1 for combating tumor cells which 
remain in the body after other therapies. 

In the immunological investigation of synthetic glycopeptides which correspond 
to a tandem repeat of the MUC1 there it was surprisingly detected that the glycosylation of 
threonine in the immunodominant PDTRPAP region with oc-GalNAc significantly increases the 
antigenicity. So far we proceeded on the theory that this position is not glycosylated in native 
MUC1, because it was assumed [previously 4hat, as-a mlerglycosylation hindered the 



identification of peptide epitopes and the results of in vitro glycosylation experiments (Stadie, 
T. et al., Eur. J. Biochem. 229: 140 (1995). Latest investigations (Mueller, S., et al., J. Biol. 
Chem. 272:24780, 1997), however, showed that threonine may be well glycosylated in vivo in 
the PDTRPAP variant. From these latest results the conclusion was drawn that the antigenicity 
(and in this connection also the immunogenicity) of the MUC1 tandem repeat will be 
significantly increased by glycosylating threonine in the PDTRPAP variant by GalNAc or by a 
short oligosaccharide. Thus, the immunogenic conformation of the immunodominant region is 
already reached by an individual tandem repeat. The antigenicity of the glycosylated PDTRPAP 
variant in a monorepeat exceeds even that of the oligomeric non-glycosylated peptide. 

This discovery develops tumor vaccine mostly but not exclusively from human 
epithelial mucin MUC1 various molecular sizes glycosylated on threonine of the PDTRPAP 
variant by GalNAc, or a short oligosaccharide. That objective is met by synthetic peptides of 
various lengths, suitably a synthetic peptide having a length of at least 20 amino acids, and 
modified by human epithelial MUC1 glycosylated threonine and containing the 
immunodominant PDTRPAP region. The glycolyzation can be suitably carried out by a 
monosaccharide, acetylgalactosamine (GalNAc), a short-chained oligosaccharide, and the 
disaccharide GalB-1, 3GalNAc. 

The tumor vaccine of the present invention can be suitably administered to a 
patient against mammary, colorectal or pancreatic carcinomas. 

The invention is explained in greater detail by reference to the following 

example. 



Example 

Antigenicity of synthetic. MUC1 -derived glycopeptides 

In the following experiment, the binding is investigated of monoclonal 
antibodies against the immunodominant PDTRPAP variant of the epithelial mucin to synthetic 

5 glycopeptides of this mucin in a solid-phase immunoassay (ELISA). The glycopeptides marked 

as Al to A12 are indicated in the following Table, They correspond to an overlapping tandem 
repeat of MUC1 and contain 5 potential glycosylating sites (3 x threonine, 2 x serine); A1-A9 
contain an additional alanine. The glycopeptides differ by the number and position of the 
glycosylating sites as specified in the Table. A1-A9 carry the Thomsen-Friedenreich (TF) 
10 antigen as glycan 6-D-Gal(l-3)a-D-GalNAc-0-R whereas Al 1 and A12 carry only a- 

q GalNAc-O-R (the Tn antigen). The antibodies used are: A76-A/C7 (mouse, IgGl, epitope: 

i5 APDTRPAP) and MF06 (mouse, IgGl, epitope DTRPAP) (see: Rye, P.D., Price, M R., eds., 
ISOBM TD-4 International Workshop on Monoclonal Antibodies against MUC1, Tumor Biol. 

JJ 19, Suppl. 1, 1998). 



4 



Table: Synthetic glycopeptides; the peptide corresponds to the basic structure of the epithelial 
mucin (MUC1). The immunodominant region is underlined , as also shown in the drawing. 



A: Glvcosvlation with TF: 

A — H — G - V— T— S— A — P— D— T— R— P— A— P— G— S— T— A— P— P— A 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Peptide # glycosylated in position: 



Al 


5 


A2 


10 


A3 


17 


A4 


6 


A5 


16 


A6 


5, 17 


A7 


5, 16, 17 


A8 


5, 6, 16,17 


A9 


5,6, 10, 16, 17 



B: Glycosylation with Tn: 



H -G— V— T— S— A— P— D— T— R— P— A— P— G— S— T— A— P— P— A 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Peptide # glycosylated in position: 
All 5,17 

A12 5,6,10,16,17 



# • 

The results show that the peptides glycosylated in position 10 with the two 
antibodies shown in the example bind significantly stronger than peptides not glycosylated in 
this position. Glycosylations in other positions have no influence. Substitution by Tn or TF is 
equal. The binding behavior demonstrated in this example is also shown by other MUCl 
antibodies; yet, there are also exceptions. The increased antigenicity of the peptides 
glycosylated in position 10 can also be shown in inhibition experiments. 

The results show that a glycosylation of the immunodominant region of the 
MUCl peptide by means of Tn or TF significantly increases the antigenicity. 



